Abstract: Evaluation and comparison of analog and digital wireless transmission systems.
Introduction
In this work, we address the design and evaluation of an analog Joint Source Channel Coding (JSCC) system [1, 2] for the transmission of grayscale still images. This kind of systems offers some interesting characteristics with respect to digital systems under certain circumstances: high transmission rates over noisy channels and avoiding retransmissions, graceful degradation with a fixed coding scheme (i.e., if the transmitter does not know the quality of the channel) and lower computational complexity.
The second part of this work evaluates the proposed analog system and compares its performance to that of an all-digital system based on JPEG compression. It is very important the selection of the metrics used to evaluate the perceived quality of the received image respect to that of the transmitted one and defining an adequate strategy to make a fair comparison between the analog and digital systems.
System Model
The transmission system consists of three parts: the transmitter, where the image is prepared, adapted and encoded; the channel; and the receiver, where the image is recovered by two operations: undoing the operations carried out in the transmitter and trying to correct the errors due to the distortions introduced by the wireless channel.
Orthogonal Frequency Division Multiplexing (OFDM) is selected as the waveform for both the analog and the all-digital systems. The latter also encodes the data frames using Turbo Codes. The wireless channel can be (1) a simulated one considering a channel model defined by the ITU or (2) a real one obtained by means of over-the-air transmissions with the GTEC testbed [3] [4] [5] [6] .
Image Pre-Processing
The image is loaded from a grayscale file with values from 0 to 255 (grayscale intensity). The system divides the image in 8 × 8 blocks and they are transformed with a DCT (Discrete Cosine Transform) (Figure 1a ) to concentrate most of the image information into a few coefficients (Figure 1b) , such that the least relevant coefficients can be disregarded with a small loss in terms of perceived image quality. Each 8 × 8 block is further subdivided into four blocks, from the first to the third will be transformed (see Section 2.2), whereas the fourth is always discarded.
After this, the system rearranges the transformed blocks into a sequential data frame (Figure 1c ) which is ready for the next step. 
Analog JSCC Scheme
The system maps the DCT coefficients of the three first blocks (Figure 1c ) in channel symbols using analog JSCC techniques [7] . This strategy represents an appealing alternative to the traditional all-digital approaches based on source-channel separation because of its lower complexity and graceful degradation against variations of the channel conditions [2, 8] . The system works with two analog JSCC methods: expansion and uncoded. The expansion method applies an analog spherical code, based on the exponentially chirped modulation (Equation (1)), whereas the uncoded method performs only a normalization.
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Equation (1). Analog spherical code used in the encoding operation s: symbols at the mapping input, α: mapping parameter; normalization factor; : expansion factor.
At the receiver, we use an optimal Minimum Mean Square Error (MMSE) or a Maximum Likelihood (ML) decoder depending on the selected scheme.
Comparison Methodology between Digital and Analog Systems
The main objective of this work is to compare the transmission speed between the proposed analog system and an all-digital one used as a benchmark. One cannot find in the literature a standard procedure to carry out this very specific comparison. To ensure a fair comparison, we first measure the image quality obtained with the analog system, and next, we design the digital JPEG-based system to compress the source image with that same quality, while ensuring a free-error transmission of the information.
The digital transmission is software-simulated over the estimated channel in the analog system in order to compare the two systems in the same situation. In addition, knowing the channel before transmitting allows for calculating the optimal CQI (Channel Quality Indicator) obtaining the minimal data frame avoiding errors.
The selected quality metric is the SSIM (Structural Similarity Index) [9] . This metric returns a real value 1 (identical images) or less than 1 (different images).
The time needed to transmit the data frames containing the image, encoded with the digital or the analog scheme, is the considered performance metric, which measures the transmission speed.
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